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(57) ABSTRACT

Casting methods and articles are disclosed wherein a molten
first material 1s introduced into a mold which distributes the
first material to form a first region of the article where 1t 1s
subjected to a first condition suitable for growing a first grain
structure, forming the first region of the article. A molten
second material, compositionally distinct from the first
material, 1s introduced 1nto the mold to form a second region
of the article. A hybridized material 1s formed by imntermixing
a first portion of the second material with the second portion
of the first material. A second portion of the second material
1s subjected to a second condition suitable for growing a
second grain structure distinct from the first grain structure,
forming the second region of the article. The first region and
the second region are integrally formed as a single, continu-
ous article with a hybridized region formed between.

20 Claims, 3 Drawing Sheets
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1
CASTING METHODS AND ARTICLES

FIELD OF THE INVENTION

The present invention 1s directed to articles and methods
for casting articles. More particularly, the present invention
1s directed to articles and methods for casting articles
including two compositionally distinct materials having two
distinct grain structures integrally formed as a single, con-
tinuous article.

BACKGROUND OF THE INVENTION

Hard-to-weld (HTW) alloys, such as nickel-based super-
alloys and certain aluminum-titanium alloys, due to their
gamma prime and various geometric constraints, are sus-
ceptible to gamma prime strain aging, liquation and hot
cracking. These materials are also diflicult to join when the
gamma prime phase 1s present in volume fractions greater
than about 30%, which may occur when aluminum or
titanium content exceeds about 3%.

These HT'W materials may be incorporated into compo-
nents of gas turbine engines such as airfoils, blades (buck-
ets), nozzles (vanes), shrouds, combustors, rotating turbine
components, wheels, seals, 3d-manufactured components
with HTW alloys and other hot gas path components. During
operation, components formed from HT'W may be subjected
to operating conditions which cause portions of the compo-
nent to be worn down or damaged. By way of example, the
tips of turbine airfoils such as blades (buckets) may be worn
down over time, reducing efliciency of the turbine. Repairs
of such wear are impaired by the dithiculty 1n joining HTW
materials, making standard repair techniques difficult.
Rebuilding such components using hot processes such as
laser cladding or conventional thermal spray yields depos-
ited material which 1s weakened or cracked by the elevated
temperatures. Brazing techniques are unsuitable because
braze materials or elements are incorporated into the com-
ponent which may not meet operational requirements.

(Gas turbine components incorporating HT'W materials
tend to be more expensive than components formed from
other materials, and certain HI'W materials are more diffi-
cult to weld and more expensive than others. Incorporation
of these HITW materials may be desirable due to often
superior operational properties, particularly for certain por-
tions of components subjected to the most extreme condi-
tions and stresses, but difhiculties 1n repairing gas turbine
components with HI'W materials may lead to components
being discarded due to damage or defects which would
otherwise be repairable 1n components formed from other
materials, which 1s both wasteful and costly. However, the
same properties which make HTW materials difhicult to
repair also make HT'W materials difficult to join with other,
less expensive and more easily reparable materials.

BRIEF DESCRIPTION OF THE INVENTION

In an exemplary embodiment, a casting method for form-
ing an article includes introducing a first material into a
mold. The first matenal 1s introduced 1n a molten state. The
mold 1s arranged and disposed to preferentially distribute the
first material to form a first region of the article. The first
material 1s subjected to a first condition suitable for growing,
a first grain structure. The first grain structure 1s grown from
a first portion of the first material, forming the first region of
the article while maintaining a second portion of the first
material 1n the molten state. A second material 1s introduced

10

15

20

25

30

35

40

45

50

55

60

65

2

into the mold to form a second region of the article. The
second material 1s introduced 1n the molten state. The second
material 1s compositionally distinct from the first material. A
hybridized material 1s formed by intermixing a first portion
of the second material with the second portion of the first
material. A second portion of the second material 1s sub-
jected to a second condition suitable for growing a second
grain structure. The second grain structure 1s distinct from
the first grain structure. The second grain structure 1s grown
from the second portion of the second matenal, forming the
second region of the article. The first region and the second
region are integrally formed as a single, continuous article
with a hybridized region formed from the hybridized mate-
rial disposed between the first region and the second region.

In another exemplary embodiment, a casting method for
forming a turbine component includes introducing a first
material into a mold. The first material 1s introduced 1n a
molten state. The mold 1s arranged and disposed to prefer-
entially distribute the first material to form a first region of
the turbine component. The first material 1s subjected to a
first condition suitable for growing a directionally solidified
grain structure. The directionally solidified grain structure 1s
grown irom a first portion of the first material, forming the
first region of the article while maintaining a second portion
of the first material in the molten state. A second material 1s
introduced into the mold to form a reduced-stress region of
the turbine component. The second material 1s introduced 1n
the molten state. The second material 1s compositionally
distinct from the first maternial. A hybndized matenial 1s
formed by intermixing a first portion of the second material
with the second portion of the first material. A second
portion of the second material 1s subjected to a second
condition suitable for growing an equiaxed grain structure.
The equiaxed grain structure 1s grown from the second
portion of the second material, forming the reduced-stress
region of the turbine component. The first region and the
reduced-stress region are integrally formed as a single,
continuous article with a hybridized region formed from the
hybridized material disposed between the first region and the
reduced-stress region.

In another exemplary embodiment, an article includes a
first region, a second region and a hybridized region dis-
posed between the first region and the second region. The
first region 1ncludes a first material having a directionally
solidified grain structure. The second region includes a
second material having an equiaxed grain structure. The
second material 1s compositionally distinct from the first
material. The hybridized region includes a hybridized mate-
rial, the hybridized matenal including intermixed first mate-
rial and second material. The first region, the second region
and the hybrnidized region are integrally formed as a single,
continuous article. At least one of the first material and the
second material 1s selected from the group consisting of
HTW alloys.

Other features and advantages of the present invention
will be apparent from the following more detailed descrip-
tion of the preferred embodiment, taken 1n conjunction with
the accompanying drawings, which illustrate, by way of
example, the principles of the mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a portion of an article
having an article, according to an embodiment of the present
disclosure.
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FI1G. 2 1s a schematic view of a mold into which a molten
first material has been introduced, according to an embodi-

ment of the present disclosure.

FIG. 3 15 a schematic view of the mold of FIG. 2 following
growth of a first grain structure from a first portion of the
first material, according to an embodiment of the present
disclosure.

FIG. 4 1s a schematic view of the mold of FIG. 3 to
which a molten second material has been introduced,
according to an embodiment of the present disclosure.

FIG. 5 1s a schematic view of a mold of FIG. 4 following
growth of a second grain structure from a second portion of
the second matenial, according to an embodiment of the
present disclosure.

Wherever possible, the same reference numbers will be
used throughout the drawings to represent the same parts.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Provided are exemplary casting methods and articles.
Embodiments of the present disclosure, in comparison to
methods not utilizing one or more features disclosed herein,
decrease costs, increase reparability, increase creep resis-
tance, increase latigue resistance, increase performance,
improve component life, reduce life cycle costs, decrease
waste, 1crease service mtervals, increase material capabil-
ity, improve mechanical properties, improve elevated tem-
perature performance, increase weldability, or a combina-
tion thereof.

Referring to FIG. 1, in one embodiment an article 100
includes a first region 102, a second region 104 and a
hybridized region 106 disposed between the first region 102
and the second region 104. The first region 102 includes a
first material 108. The second region 104 1ncludes a second
material 110. The second material 110 1s compositionally
distinct from the first material 108. The hybridized region
106 includes a hybridized material 112. The hybridized
material 112 includes intermixed first material 108 and
second material 110. The first region 102, the second region
104 and the hybridized region 106 are integrally formed as
a single, continuous article 100. In an alternate embodiment
(not shown), the first region 102 and first material 108 are
positionally exchanged with the second region 104 and the
second material 110 in the article 100. The first region 102
and the first material 108 may be localized 1n any suitable
area of the article 100, and the second region 104 and the
second material 110 may be localized in any other suitable
area of the article 100, provided that the hybridized region
106 including the hybrnidized material 112 1s disposed
between the first region 102 and the second region 104.

In one embodiment, the article 100 1s a turbine component
114. The turbine component 114 may be any suitable turbine
component 114, including, but not limited to, at least one of
an airfoil, a nozzle (vane) (shown), a bucket (blade), a
shroud, a combustion fuel nozzle, a hot gas path component,
a combustor, a combustion transition piece, a combustion
liner, a seal, a rotating component, a wheel, and a disk. In a
turther embodiment (shown), the first region 102 includes an
outside wall 116 of a nozzle (vane) or a (blade) and a leading
edge 118 of the nozzle (vane) or bucket (blade) adjacent to
the outside wall 116 of the nozzle (vane) or bucket (blade).
In an alternate further embodiment (not shown), the second
region 104 includes an outside wall 116 of a nozzle (vane)
or a (blade) and a leading edge 118 of the nozzle (vane) or
bucket (blade) adjacent to the outside wall 116 of the nozzle
(vane) or bucket (blade).

10

15

20

25

30

35

40

45

50

55

60

65

4

In one embodiment (shown), the first material 108
includes a directionally solidified grain structure, and the
second material 110 includes an equiaxed grain structure.
The first matennal 108 may compose up to about 70%,
alternatively up to about 60%, alternatively up to about 50%,
alternatively up to about 40%, alternatively up to about 30%,
alternatively between about 15% and about 73%, alterna-
tively between about 30% and about 60%, of the volume of
the article 100. In a further embodiment, the second region
104 1s a reduced-stress region, and the first material 108 of
the first region 102 having the directionally solidified grain
structure 1ncludes a property of reduced crack-susceptibility
under operating conditions compared to a comparable first
region 102 formed from the first material 108 having an
equiaxed grain structure. As used herein, “reduced stress
region” refers to a region of the article 100 which 1s
subjected to reduced crack-causing stresses under operating
conditions relative to another region.

In an alternate embodiment (not shown), the first material
108 includes an equiaxed grain structure, and the second
material 110 includes a directionally solidified grain struc-
ture. The second material 110 may compose up to about
710%, alternatively up to about 60%, alternatively up to about
50%, alternatively up to about 40%, alternatively up to about
30%, alternatively between about 153% and about 73%,
alternatively between about 30% and about 60%, of the
volume of the article 100. In a further embodiment, the first
region 102 1s a reduced-stress region, and the second mate-
rial 110 of the second region 104 having the directionally
solidified grain structure includes a property of reduced
crack-susceptibility under operating conditions compared to
a comparable second region 104 formed from the second
material 110 having an equiaxed grain structure.

The property of reduced crack-susceptibility may include
any suitable property, including, but not limited to, increas-
Ing creep resistance, increasing fatigue resistance, increas-
ing operating life of the turbine component, or a combina-
tion thereof.

In one embodiment, at least one of the first material 108
and the second material 110 1s a HTW alloy. As used herein,
an “HTW alloy” 1s an alloy which exhibits liquation, hot and
strain-age cracking, and which 1s therefore impractical to
weld. In a further embodiment, the HTW alloy 1s a super-
alloy. In yet a further embodiment, the HITW alloy 1s a
nickel-based superalloy or aluminum-titantum superalloy.
HTW alloys include, but are not limited to, Rene 108, GTD
111, GTD 444, Ren¢e N2, and INCONEL 738.

In one embodiment (shown), the first material 108 1s any
suitable material, including, but not limited to, at least one
of Rene 108, GTD 111, GTD 444, Rene N2, and INCONEL
738, and the second material 110 1s any suitable matenal,
including, but not limited to, at least one of GTD 262, GTD
222, and GTD 241. In an alternate embodiment (now
shown), the first material 108 i1s any suitable matenial,
including, but not limited to, at least one of GTD 262, GTD
222, and GTD 241, and the second material 110 1s any
suitable material, including, but not limited to, at least one
of Rene 108, GTD 111, GTD 444, Rene N2, and INCONEL
738.

As used herein, “GTD 1117 refers to an alloy including a
composition, by weight, ol about 14% chromium, about
9.5% cobalt, about 3.8% tungsten, about 4.9% titanium,
about 3% aluminum, about 0.1% 1ron, about 2.8% tantalum,
about 1.6% molybdenum, about 0.1% carbon, and a balance
of mickel.

As used herein, “GTD 222 refers to an alloy including a
composition, by weight, of about 23.5% chromium, about
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19% cobalt, about 2% tungsten, about 0.8% niobium, about
2.3% titanium, about 1.2% aluminum, about 1% tantalum,
about 0.25% silicon, about 0.1% manganese, and a balance
ol mickel.

As used herein, “GTD 241" refers to an alloy including a
composition, by weight, of about 22.5% chromium, about
19% cobalt, about 2% tungsten, about 1.35% niobium, about
2.3% titanium, about 1.2% aluminum, about 0.1% carbon,
and a balance of nickel.

As used herein, “GTD 262" refers to an alloy including a
composition, by weight, of about 22.5% chromium, about
19% cobalt, about 2% tungsten, about 1.35% niobium, about
2.3% titanium, about 1.7% aluminum, about 0.1% carbon,
and a balance of nickel.

As used herein, “GTD 444 refers to an alloy including a
composition, by weight, of about 7.5% cobalt, about 0.2%
iron, about 9.75% chromium, about 4.2% aluminum, about
3.5% ftitanium, about 4.8% tantalum, about 6% tungsten,
about 1.5% molybdenum, about 0.5% niobium, about 0.2%
silicon, about 0.15% hafnium, and a balance of nickel.

As used herein, “INCONEL 738" refers to an alloy
including a composition, by weight, of about 0.17% carbon,
about 16% chromium, about 8.5% cobalt, about 1.75%
molybdenum, about 2.6% tungsten, about 3.4% titanium,
about 3.4% aluminum, about 0.1% zirconium, about 2%
niobium, and a balance of nickel.

As used herein, “René N2” refers to an alloy including a
composition, by weight, of about 7.5% cobalt, about 13%
chromium, about 6.6% aluminum, about 5% tantalum, about
3.8% tungsten, about 1.6% rhenium, about 0.13% hainium,
and a balance of nickel.

As used herein, “Rene 108 refers to an alloy including a
composition, by weight, of about 8.4% chromium, about
9.5% cobalt, about 5.5% aluminum, about 0.7% titanium,
about 9.5% tungsten, about 0.5% molybdenum, about 3%
tantalum, about 1.5% hafnium, and a balance of nickel.

Referring to FIG. 2, 1n one embodiment, a casting method
for forming the article 100 includes introducing the first
material 108 into a mold 200. The mold 200 may be heated
by any suitable heating device, including, but not limited to,
an oven 202. The mold 200 may also be disposed 1n
proximity to, or attached to, a cooling apparatus, such as, but
not limited to, a chill plate 204. The first material 108 may
be introduced 1n a molten state. The mold 200 1s arranged
and disposed to preferentially distribute the first material
108 to form a first region 102 of the article 100.

Referring to FI1G. 3, 1n one embodiment, the first material
108, disposed 1n the mold 200 1n a molten state, 1s subjected
to a first condition suitable for growing a first grain structure.
The first grain structure 1s grown from a {irst portion 300 of
the first material, forming the first region 102 of the article
while maintaining a second portion 302 of the first material
108 in the molten state. In one embodiment (shown), the first
grain structure 1s a directionally solidified grain structure. In
an alternate embodiment (not shown), the first grain struc-
ture 1s an equiaxed grain structure.

Referring to FIG. 4, 1n one embodiment, a second material
110 1s introduced 1nto the mold 200, the mold having the first
portion 300 of the first material 108 with the first grain
structure and the second portion 302 of the first material 108
being maintained in the molten state, to form the second
region 104 of the article 100. The second material 110 1s
introduced in the molten state.

Referring to FIG. 5, 1n one embodiment, a hybridized
material 112 1s formed by intermixing a first portion 500 of
the second material 110 with the second portion 302 of the
first material 108. A second portion 502 of the second
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material 110 1s subjected to a second condition suitable for
growing a second grain structure. The second grain structure
1s distinct from the first grain structure. The second grain
structure 1s grown from the second portion 502 of the second
material 110, forming the second region 104 of the article
100. The first region 102 and the second region 104 are
integrally formed as a single, continuous article 100 with the
hybridized region 106 disposed between the first region 102
and the second region 104. In one embodiment (shown), the
second grain structure 1s an equiaxed grain structure. In an
alternate embodiment (not shown), the second grain struc-
ture 1s a directionally solidified grain structure.
While the invention has been described with reference to
a preferred embodiment, 1t will be understood by those
skilled 1n the art that various changes may be made and
equivalents may be substituted for elements thereot without
departing from the scope of the mnvention. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the mvention without departing
from the essential scope thereof. Therefore, 1t 1s 1ntended
that the invention not be limited to the particular embodi-
ment disclosed as the best mode contemplated for carrying
out this invention, but that the invention will include all
embodiments falling within the scope of the appended
claims.
What 1s claimed 1s:
1. A casting method for forming an article, comprising:
introducing a first material into a mold, the first material
being introduced in a molten state, the mold being
arranged and disposed to preferentially distribute the
first material to form a first region of the article;
subjecting the first material to a first condition suitable for
growing a first grain structure;
growing the first grain structure from a first portion of the
first material, forming the first region of the article
while maintaiming a second portion of the first material
in the molten state;
introducing a second material mto the mold to form a
second region of the article, the second material being,
introduced 1n the molten state, the second material
being compositionally distinct from the first material;
forming a hybridized material by intermixing a first
portion of the second material with the second portion
of the first matenal;
subjecting a second portion of the second material to a
second condition suitable for growing a second grain
structure, the second grain structure being distinct from
the first grain structure; and
growing the second grain structure from the second
portion of the second material, forming the second
region ol the article, the first region and the second
region being integrally formed as a single, continuous
article with a hybridized region formed from the
hybridized material and disposed between the first
region and the second region,
wherein one of the first material and the second material

1s a hard-to-weld (HTW) alloy, the HTW alloy being a

superalloy, and the other of the first material and the

second material 1s selected from the group consisting
of:

a first alloy including a composition, by weight, of
about 22.5% chromium, about 19% cobalt, about 2%
tungsten, about 1.35% niobium, about 2.3% tita-
nium, about 1.7% aluminum, about 0.1% carbon,
and a balance of nickel;

a second alloy including a composition, by weight, of

about 23.5% chromium, about 19% cobalt, about 2%
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tungsten, about 0.8% niobium, about 2.3% titanium,
about 1.2% aluminum, about 1% tantalum, about
0.25% silicon, about 0.1% manganese, and a balance
of nickel:

a third alloy including a composition, by weight, of
about 22.5% chromium, about 19% cobalt, about 2%
tungsten, about 1.35% niobium, about 2.3% tita-
nium, about 1.2% aluminum, about 0.1% carbon,
and a balance of nickel; and

combinations thereof.

2. The casting method of claim 1, wherein the HTW alloy
1s selected from the group consisting of:

a fourth alloy including a composition, by weight, of
about 8.4% chromium, about 9.5% cobalt, about 5.5%
aluminum, about 0.7% titantum, about 9.5% tungsten,
about 0.5% molybdenum, about 3% tantalum, about
1.5% hatnium, and a balance of nickel;

a fifth alloy including a composition, by weight, of about
14% chromium, about 9.5% cobalt, about 3.8% tung-
sten, about 4.9% titanium, about 3% aluminum, about
0.1% 1ron, about 2.8% tantalum, about 1.6% molyb-
denum, about 0.1% carbon, and a balance of nickel:;

a sixth alloy including a composition, by weight, of about
7.5% cobalt, about 0.2% 1ron, about 9.75% chromium,
about 4.2% aluminum, about 3.5% titanium, about
4.8% tantalum, about 6% tungsten, about 1.5% molyb-
denum, about 0.5% niobium, about 0.2% silicon, about
0.15% hatnium, and a balance of nickel;

a seventh alloy including a composition, by weight, of
about 7.5% cobalt, about 13% chromium, about 6.6%
aluminum, about 3% tantalum, about 3.8% tungsten,
about 1.6% rhenium, about 0.15% hatnium, and a
balance of nickel;

an eighth alloy including a composition, by weight, of
about 0.17% carbon, about 16% chromium, about 8.5%
cobalt, about 1.75% molybdenum, about 2.6% tung-
sten, about 3.4% titanium, about 3.4% aluminum, about
0.1% zirconium, about 2% niobium, and a balance of
nickel; and

combinations thereof.

3. The casting method of claim 2, wherein the HT'W alloy
1s the fourth alloy, and the other of the first material and
second material 1s the first alloy.

4. The casting method of claim 2, wherein the HT'W alloy
1s the fourth alloy, and the other of the first material and
second material 1s the second alloy.

5. The casting method of claim 2, wherein the HTW alloy
1s the fourth alloy, and the other of the first material and
second material 1s the third alloy.

6. The casting method of claim 2, wherein the HT'W alloy
1s the fifth alloy, and the other of the first material and second
material 1s the first alloy.

7. The casting method of claim 1, wherein forming the
first region and the second region includes forming a
reduced-stress region.

8. The casting method of claim 1, wherein growing the
first grain structure and the second grain structure includes
growing a directionally solidified grain structure and an
equiaxed grain structure.

9. The casting method of claim 1, wherein forming the
article includes forming a turbine component.

10. The casting method of claim 9, wherein forming the
turbine component includes forming at least one of a nozzle
(vane) and a bucket (blade).

11. The casting method of claim 10, wherein forming the
first region includes forming an outside wall of the nozzle
(vane) or bucket (blade) and a leading edge of the nozzle
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(vane) or bucket (blade) adjacent to the outside wall of the
nozzle (vane) or bucket (blade).

12. The casting method of claim 1, wherein the first
matenial 1s the HI'W alloy and the second material 1s
selected from the group consisting of:

a first alloy including a composition, by weight, of about
22.5% chromium, about 19% cobalt, about 2% tung-
sten, about 1.35% niobium, about 2.3% titanium, about
1.7% aluminum, about 0.1% carbon, and a balance of
nickel;

a second alloy including a composition, by weight, of
about 23.5% chromium, about 19% cobalt, about 2%

tungsten, about 0.8% niobium, about 2.3% titanium,
about 1.2% aluminum, about 1% tantalum, about
0.25% silicon, about 0.1% manganese, and a balance of
nickel;

a third alloy including a composition, by weight, of about
22.5% chromium, about 19% cobalt, about 2% tung-
sten, about 1.35% niobium, about 2.3% titanium, about
1.2% aluminum, about 0.1% carbon, and a balance of
nickel; and

combinations thereof.

13. The casting method of claim 1, wherein the second
material 1s the HTW alloy and the first matenal 1s selected
from the group consisting of:

a first alloy including a composition, by weight, of about
22.5% chromium, about 19% cobalt, about 2% tung-
sten, about 1.35% niobium, about 2.3% titanium, about
1.7% aluminum, about 0.1% carbon, and a balance of
nickel;

a second alloy including a composition, by weight, of
about 23.5% chromium, about 19% cobalt, about 2%
tungsten, about 0.8% niobium, about 2.3% titanium,
about 1.2% aluminum, about 1% tantalum, about
0.25% silicon, about 0.1% manganese, and a balance of
nickel;

a third alloy including a composition, by weight, of about
22.5% chromium, about 19% cobalt, about 2% tung-
sten, about 1.35% niobium, about 2.3% titanium, about
1.2% aluminum, about 0.1% carbon, and a balance of
nickel; and

combinations thereof.

14. A casting method for forming a turbine component,
comprising;

introducing a first material into a mold, the first material
being introduced 1n a molten state, the mold being
arranged and disposed to preferentially distribute the
first material to form a first region of the turbine
component;

subjecting the first material to a first condition suitable for
growing a directionally solidified grain structure;

growing the directionally solidified grain structure from a
first portion of the first material, forming the first region
of the turbine component while maintaining a second
portion of the first material in the molten state;

introducing a second material into the mold to form a
reduced-stress region of the turbine component, the
second material being introduced 1n the molten state,
the second material being compositionally distinct
from the first matenal,;

forming a hybridized material by mtermixing a first
portion of the second material with the second portion

of the first matenal;

subjecting a second portion of the second material to a
second condition suitable for growing an equiaxed

grain structure; and
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growing the equiaxed grain structure from the second
portion of the second matenal, forming the reduced-
stress region of the turbine component, the first region
and the reduced-stress region being integrally formed
as a single, continuous article with a hybridized region
formed from the hybridized material and disposed
between the first region and the reduced-stress region,

wherein the first material 1s a hard-to-weld (HTW) alloy,
the HIT'W alloy being a superalloy, and the second
material 1s selected from the group consisting of:

a first alloy including a composition, by weight, of
about 22.5% chromium, about 19% cobalt, about 2%
tungsten, about 1.33% niobium, about 2.3% fita-
nium, about 1.7% aluminum, about 0.1% carbon,
and a balance of nickel;

a second alloy including a composition, by weight, of
about 23.5% chromium, about 19% cobalt, about 2%
tungsten, about 0.8% niobium, about 2.3% titanium,
about 1.2% aluminum, about 1% tantalum, about
0.25% silicon, about 0.1% manganese, and a balance
of nickel:

a third alloy including a composition, by weight, of
about 22.5% chromium, about 19% cobalt, about 2%
tungsten, about 1.35% niobium, about 2.3% tita-
nium, about 1.2% aluminum, about 0.1% carbon,
and a balance of nickel; and

combinations thereof.

15. The casting method of claim 14, wherein introducing

the HTW alloy 1s selected from the group consisting of:

a fourth alloy including a composition, by weight, of
about 8.4% chromium, about 9.5% cobalt, about 5.5%
aluminum, about 0.7% titantum, about 9.3% tungsten,
about 0.5% molybdenum, about 3% tantalum, about
1.5% hainium, and a balance of nickel;

a fifth alloy including a composition, by weight, of about
14% chromium, about 9.5% cobalt, about 3.8% tung-
sten, about 4.9% titanium, about 3% aluminum, about
0.1% 1ron, about 2.8% tantalum, about 1.6% molyb-
denum, about 0.1% carbon, and a balance of nickel:

a sixth alloy mncluding a composition, by weight, of about

7.5% cobalt, about 0.2% 1ron, about 9.75% chromium,
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about 4.2% aluminum, about 3.5% titanium, about
4.8% tantalum, about 6% tungsten, about 1.5% molyb-
denum, about 0.5% niobium, about 0.2% silicon, about
0.15% hatnium, and a balance of nickel;

a seventh alloy including a composition, by weight, of
about 7.5% cobalt, about 13% chromium, about 6.6%
aluminum, about 3% tantalum, about 3.8% tungsten,
about 1.6% rhenium, about 0.15% halnium, and a
balance of nickel;

an eighth alloy including a composition, by weight, of
about 0.17% carbon, about 16% chromium, about 8.5%
cobalt, about 1.75% molybdenum, about 2.6% tung-
sten, about 3.4% titanium, about 3.4% aluminum, about
0.1% zirconium, about 2% niobium, and a balance of
nickel; and

combinations thereof.

16. The casting method of claim 15, wherein the HIT'W
alloy 1s the fourth alloy, and the second matenal 1s the first
alloy.

17. The casting method of claim 14, wherein forming the
turbine component includes forming at least one of a nozzle
(vane) and a bucket (blade).

18. The casting method of claim 17, wherein forming the
first region includes forming an outside wall of the nozzle
(vane) or bucket (blade) and a leading edge of the nozzle
(vane) or bucket (blade) adjacent to the outside wall of the
nozzle (vane) or bucket (blade).

19. The casting method of claim 14, wherein forming the
first region of the turbine component from the first material
having the directionally solidified grain structure develops a
property of reduced crack-susceptibility under operating
conditions compared to a comparable first region formed

from the first material having the equiaxed grain structure.

20. The casting method of claim 19, wherein developing
the property of reduced crack-susceptibility includes at least
one of increasing creep resistance, increasing fatigue resis-
tance, and increasing operating life of the turbine compo-
nent.
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